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54) MAGNETIC DETECTING ELEMENT 

57)Abstract: 

PROBLEM TO BE SOLVED: To provide a CPP type magnetic detecting element that 
can be improved in resistance variation (AR) and resistance variation rate (AR/R) by 
mproving the qualities of the materials and film structures of a fixed magnetic layer 
and/or a free magnetic layer. 

SOLUTION: In the fixed and free magnetic layers 20 and 26, magnetic layers 17 and 22 
constituted of ferromagnetic metalloid alloy layers are respectively formed. Since the 
nagnetic layers 17 and 22 have large p-values and high specific resistance values pas 
compared with the c6nventional CoFe alloy, etc., the resistance variation (AR) of this 
nagnetic detecting element can be made larger than the conventional example and the 
esistance variation rate (AR/R) of this element can be improved appropriately. 
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&3£«1£B. @£BS1±Ji. 3Wtt*t«* 

lxi*. jbjbs<d i i i ajs^^ i i Bm-zx-oo^fr 

£>g«£*lt":7E*. YttMn. Zl£. A I. Si, G 
a. Ge. In. Sn. Tl. Pb, SbCD^^A^S 

i a$fcii2aia±a>7c*) tasf^-f^ 

[1***3] WB***^— Co 2 MnZ 
(Zl*. A I . Si. Ga. Ge. Sn(D9*.^bI^ 

XI*. B3RS0) l l l AJS*^& l I BjfcST*a>5%A x & 

S«aF*tfc-7cfli* YliMn. Z I*. A I. Si. G 
a. Ge. I n. Sn. T I. Pb. Sb^a^^bi 

[ISsJUgS] ffJE^-fX^ — NiMnSb. 
PtMnSb. PdMnSb. P t Mn S n t^^S* 

[|S*3S6] 1i&E£$Bli* Lao.7Sro.3Mn 

O3. C r 02v &3lM£F304^^J&£ft&fi3}cJl1 E 
SOBMfttH*?. 

BI*2liia±a>KttJlfl!>«IB«a*&«:y. ^ft^BStt 
Jia>a*>. «rE3Wtt»»»fc*^«»tt*^lWC»» 
?*£;uMttH*B*MS^£*iSIflScSi * 
I* L 6 <DL,vf tatPlzBttattftttttiX?-. 

[ft*]! 8 ] ttEH3£«tt»atf /*fci*? u -attt 

Jf0>5*>. WE*«tt#»»i:*-r*«Btt»«^®Bttt 
BI-flifB3iiBttJao/\— 5uutofc'&*JiJOT&JS**i' 

[MM 9 ] l»E»«ttfio/ \-7^ jun&ftM 

3b<»flc**ifcatttB^a>atttBi*c o f e c o 

F e N i N i F e ^#fc£LM*C o (Dlvf *t^<7> 

attt»»-c^flc*tts»*a7*fci*8irE«a>a»tt 
[»3R«i o] TOBBffi«ttB;fttf/*fci*?y-« 

teBi*»ttBa>3B«iifr*fcy* ^^x^aBco^*,. 
»J5l**t*iB** 1 ttl* L 6 ©ivj**iAM3BK0>Btfift 



1] H&E*A/*<D»ttB«rt(D«ttBl*C 
o F e^£. C o F e N i N i F e^ftfeSlM* 

co<Dt^*tA^a>att»S-c»riE**iSI»*ai 0E« 

ttBI** «i«ttB^*2BtttBIBI^»tt*l!BB^ 

St4»i7x'jijitfty, d>ft<fc*iwa»ttBa> 

14So/\— *;u«ft6*B**"*"ft*B*ia. 

iMttaEBtttts.o/\— y * $ )\,mtji£i&m<»&M&& 
[0001] 

[^<7>B-r*&ffi#fn CPP (current 

perpendicular to the plane) MtfU&ft&fcti^^l- 
«y. WzJSJRfcft;* (AR/R) ©|R|±*»*WI=B 

[0002] 

*E«»{*t<D»iaffifflA^&Mfc»»»ffiia^fc5- 
[0003] ^iii. T»m«-efcy* miBTSpm^i 

1 (D±l3P tMntti:a)fiatttti24<»«**lt^ 
So *6l3OTBS3l«ttB2«>±l=B:CoFe«tifC» 
***lfelSittl34<»***l, «TBBS«ttB3<D 

±|zl*Cu<PifC»**#tfc<HBtt*»B4A«»** 
*U *6l=«nEiWtt*t»B4«>±l=l*N i Feft^t 

■r ck 5 i^ME^ y -«ttB 5 a>±rztt±»««6 

[0 0 0 4] g!8(c^-r^5ic. flSEB£ttteB3<Dtt 
Ifcl*. «rER»«ttB2t(DS»JI»tt«*l=*oTB 

[0005] SfcluE^'J— »ttB5 0>afttt. mrE? 
«J— KttB5 0) H^^^IB^IpJ (BSX^fil) (DRUM I- 
J&j££*ifcBSL£lv\-- K/W7Xlfrb(D*W7 
x ffi^lc £ o T B* x :fir [Si icJSi x h> *i & o 

[00 0 e] Bsic^-ratftttaj*^*. mai. 

K5WttB2^&7'J-B1tB5*i? 

0>£BK£Ri5:&l3» (B*Y*IrJ) icgg+t^CPP (cu 
rrent perpendicular to the plane) MtWlttlh 

[0007] c p pS(D«ftttas*?-ii* «a^&st*t 

SH3l*<. RBl«ttB2^&7'J-«ttB5*T?<D*B 

HtHffit^ftft^Flpl (B^X^ISJ) Ic3£*l£C I P 

(current in the plane) S^SmSiai^^l^it^ 
T. *^*-f X(D*/Mbl3j:-3-CllSfeUJ***#<'C 

cppglt ^»0>TCB*flEftlcff9**»-fX 
(D a /J> i b I " S9) 1 3 ait -e ^ S t <D 88 ft * *t fc o 

[0 0 0 8] 
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gg^tic[p}i**:c p pmm%&&m : =Fo>mmt(D--'o<n 

WmtLX. »ft*<b* (AR/R) (D|S3-t*><fc&o s 
ifi^b*a>ft±£gl&KI4. ttffiglbl: (AR) £f«!± 
£teftlt;tll4ft*ftl N o 

[0 0 0 9] SJEffita^bg (AR) I*. [0 2/ (i - 
02)]- pp. t F^it^J■r^Ci:A<^9^oTL^So 

+ 0) / (1-0) [cc-cp ili. £^0)5*)^ 
StaffiX* & 5 ] ft & H&ittfGJt y it o T I * $ o 

[0010] ^tcPFi*^K14^^>i^ffi^<S (^>x 

-cay* t i*5Sffitts<oji{¥^fe*o 

[0 0 1 1 ] fit*. Siffi'ftJi^ LTI4Co Fe§4ftt* 
/j^**ltt>fco fJlEC o F e64lt lirBlllftW 

c mTfco/co 

[0 0 1 2] ^fc THow predictable is the curre 
nt perpendicular to plane magnetores i stance? (i n 
vited)j (J.Appl.Phys. 79 (8), 15 April 1996) CDS 
1 IZI4. C o 0) 0 fit# 0. 38-0. 54. Ni 84F 
e 1 6<D0fijb*O. 34 — 0. 6 6 X* & Z. t tfEft £ 

[001 3] £fc TAndreev reflect ion: A new mean 
s to determine the spin polarization of ferr 
omagnetic materialsj (1999 American Institute o 
f Physics) <D?=77 4 ICI4. NiFe, Co. N i & 
tfFeO^afPtfWaO. 33-0. 45X&&Zt 

t<m^tixi^^o fttecct r»a*pj 14. ±el 

fit) tX^ft^-^fr^oTl^o 
[0 0 14] L^LfttfbCoFe^ Co. N i 84 
Fei 6 . NiFe. N i Rtf F e ft if (DaH4#«*Cli. 

Ibi (AR) LT. (AR/R) (D 

[OOl 5] ^z-t?**BHtt±Et!t*a)KH*lB*-r* 
<£>C£T*. J£ia£<bfi (AR) RtfJ£»*fc* (A 

r/r) (DiRiiSH&cfcA^prtettaatttiJ*^*^ 

[0 0 1 6] 



tf?y-«ttjfa>d>ft< it-sit aatti^^-^ 

[0 0 1 7] #S8BBI*C P PSCDBftttttliR^tffey- 
[0 0 1 8] *^-CI4. |}EIg»ttl»tf7'J-B 

-7>$;U (Half-metal) ftj £14. 

[ooi 9] fit*. &m&m\z&mtstixi*tzc o F e 

/\— :7>$;uftft14S£*f-f £££SI4. B&BCoFe 
tolcl40{S 140. 7J5l±3:fcli#«*P (» 

»«) 140. 5SLt) . *fcJfct£iaffipt>**L*-fc*^ 
£>. Buffi@^fiatt®^t//*fcf47'J-ai4M(^B?JIB3S 

* (AR/R) <&ra±£affll-BS^fcA<^6l::ft6o 

[0020] «rEfl«3W*#<te*-ti-*y«Si*<t 

m (AR) fi«*S<«l* (^*-XA) 14. 9UIB0 

Sttfg (pi) tf^*<fty. aictt*a>xe>a)e» 

BT-icjfr^jtsfitfflL (pt) r4/h*<^y. ^*ii*-r 

l=< < ft y fc£lM4v*^ KT^7 h £*iT HfES^ >X 

*sK*t-¥>-r < ^ y ffisox tf xDe^s^co^^i § fifr 

[0 0 2 1] *fc«TE»«»P36«*#<tt«-il-*y 
ffita^bm (AR) A<*t<84Ift (>^}^XA) 
14. |>E»S*P4<*#<ft5i:. **<DX tf>!4:? x 

fty. **fl)^ e >«7 i/u s i*^*- ififta) 

tt®ffiSA<«< (=w<'>^o fty. -tii^^^r 

(D^^gffi^TgM)!)<^^< ft oT. tSSL^ibM (AR). 

[0022] CCD*5ftffffll47,t°>{iai4i:B¥J4^. 
TOEXt?>«ffitt<D*#*l*. 7'J-»tti26i:IS 

[0 0 2 3] *fc**88-CI4. ttE**HI*. fflfiE*^ 
X 2 Y Z (tcf£LX(4. SSSgO I I I Al£fr& I I B 
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m^X'(D : ?-t>frh>miR£tlt- — 7t^. YliMn. ZI4. 
A I . Si. Ga. Ge. In. S n. T L Pb, S 

S * *l <& * -f X ^ — £ +t § Z £ * L I*. 
m{*WlCl4. |JaB*-f X7- &£I4. Co 2 MnZ (Z 
14. Al. Si. Ga. Ge. S n (O o £>^8*£*t 
fcl S£*:l4 2il£Lta)7cili) r*fc5-^tfff*Lt^ 

[0024] *fctt*38BHT*i** «HB^*Jiii. *fii£5£ 

^XYZ (fcf£LX(4. l l l Atefr* l l B 

m&V<Do*>frt>miR£iXtz-7tm. Yl4Mn. ZI4. 
A I . Si. Ga. Ge. In. Sn. Tl. Pb. S 

ba>oiifrhmtR£*htz i m&tz\*2m&L±<D5tm x 

*fttt]|Z|4._ mttt<i*=7 — ^14. NiMnSb. P 
tMnSb. PdMnSb. P t Mn S n 

[0 0 2 51 *fc*S6KT?l** ifrtE'&^Jite. Lao. 7 
Sro.3Mn03. C r O2. fc£ IM4 F zCuXWltfLZ: ft 

[0 0 2 6] *^T:I4. mTEB3t»ttJl»tf/*fctt 

37 y — ffite/iii 2 jfja±<DffittP(7)SPmit^ ft y . 

ta^bm ( A R) RtfJSfiUEfl:* (AR/R) (DIr]±£ 

[0027] *fc**w-ei*. mrEBSttttBatf/s 
tci*? y — attt^i* 2 aia±a)«itH<DaH«tjfi^ & & 
y. *ft£>&ttJi<D-5*>. «rE3f«tt»»JBt»-r*« 

^jBSfiaita^tr. fifet^bs (ar) atxfttrtjt 

itm (AR/R) ©ia±£B4Zfc**"e£S£:%*&Jli 

Lfc M n 147 *y e^DfiSl^ <7)X t° >SSit^H^ 
¥l&eSlffiI£S< Lt LJL\ ffiCiJSiafcflS* (A 
R) RlSt&tiimt& (AR/R) £«T£i±£Jt#fc£ 
t(D(tt^b«o «ot»«ttflo/>-7y*;H4S: 
^M^Mn$^M(z^t;jS^T*fe^ii^lc^ |5!B^ 

tt*<b* (AR) Rlf&tKmtm (AR/R) CDfS]J:£ 
[OO 2 8] *fc*fEWett. fflE^«ttfi-3/\— ^> 
F e C o F e N i N i F e ^&fc£lM4C 



[OO 2 9] ^fc*SBWeii. iiuEB^E&fcfeJi&t//* 

fci43?y-ffittMi4ffittt^<0 3jf^^t>*y. ^ttt) 

E#»tt*t*Hli:«rE^**fc*»-rwi:-C. ±ELfc 

-cmEBS«ttiits5s«tt«n-c**-r 

[0030] ftfc*#£BJ-ei4. IuESA/4 3 

C7)ffi14M)ana>ffi14^(*C o F e C o F e N i 

N i F e^#$)^)tM4C oOt^-ftt^att^ftT* 

[0031] &tz*mwxiz. «rEHSSM4»»r//* 

*:l4:7'J-iattJil4. Wi«tt«i*2«14JlBI=#» 

ii*ras*<^-r4SS^xy«itT*fey. '>ft<£t, 

«rE«tt»0)3^3Mitt»»JBi:»-r*«a)*i »tt» 
±LELfc«rE^»ttS.o/\— 7>^;uMtt^ftB* 

*-f&£Ji«££. fc*LM*«rE»attao/\— 7^*ju 

[o o 3 2] 

[^^o)iij£cd^®] eh \tt§mo)%-\ mMmmo>m 

ft«aj*^0)±*«JS*E**i*tO»|SQBii^6ftfc 

[0033] BiKs*ttft*ai*Ti4* tm&mzm 

ftl^^. Cttffim&am^-ti::. EltfficD-r >^^t--t 

[00 3 4] *fcmE««ata*^i*. ^j^ist^s-^- 

>^)— h (A I 2O3-T i C) XJ&J$.£tLtz 

V<r> h u— y >^5SS±lc^**iSo 

-T^(4. E«»i*i:<0»lRlffifcifiB«-C. Xf>UX« 
ftfc'Ic^SWtt^SRTttftSftttWt***^ fiS^^ 

[ O 0 3 5 ] Hi l^ffr^- 1 O (4. N i F e ^^ft f 

a>S8«»»-ei*lirET»*>— KB i 0 3&<Tffl«a** 

[00 3 6] buE±S->— ;uKBi O0)±lci43RfiS1±« 
Str^jS^+tfcTlfePl 1 tfJE*Ad*LTl*«. ffirET«6 
II l^T^-V7^I$tteTt^„ »ET*JBl 1 

14. Ta, Hf, Nb, Zr, Ti, Mo, WCD5*»^ 
ft< tl> 1 ami-ej^ja^tL^Cir^H 1 * Lt^o MET 

sn i itm^itso AVLTm&<DmmxMf$.£*iz><> 

[OO 3 7] ^IZBuETife^l 1 <7>_hlzf4v— KU>T -V 
1 2A*S*ni. mrSv— KMtl 2^J^^*C 
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h d v <{ if u- v 3 ><7) {pj ± iz ftg £ *v £ »l«llBtea> 

ra±.*>*St*<b* (AR/R) 0>fil±fcfc**J:y»9H3 

[0 0 3 8] BUEi>— KU>f -VI 2l£N i F e N 
i F e C r 4£-*>C r ft^M^Wc TOES'— Kb 

[0 0 3 9] &lcTOBi>— Kb-f-Vl 2_tlCliSSlfiai4 
SI 3#ff£j££*t£o TOEESftiBttJil 3f£. 

(fc*£LXIi, Pt, Pd, I r, Rh, R u , O s <D 
•5*> 1 tt£f:rl*2«J^±<D7C*T*fc'S>) iMni?t* 

(*TOEKS«tt»l 3(i, tc^I X <b Tcfft X ' (fc/cLTc 
§?|X' li. Ne, A r , K r , X e , Be, B, C, 
N, Mg, A I , Si, P, Ti, V, Cr, Fe, C 
o, Ni, Cu, Zn, Ga, Ge, Zr, Nb, M 
o, Ag, *C d , S n , Hf, Ta, W, Re, Au, 

pb, Ris^±m7tm(o5^^m^tz[t2mu±(D7tm 

[0040] z*ih0)fr&m&&m\*. »fitel-«4xL 

* t ? p * > y as t, as < *i^K8H"r 4 as BttJi 2 

TOE&^ffittB 1 3 li 8 0 A feL±T* 3 0 0 A J^TO)!! 

[0041] ftizTOE&ttBttM 1 3(D±izi;*@Sfi&1± 
jf 2 o#ff2j££*iTL^o co^^ff^^iTOEB^ss 

&J1 2 0 I* 5 »#i6-T?»0c**lTl**. 

[0 0 4 2] TOEB£fltttJl2 0JS^t5^1 4(D 
JMK fccfctm^l Qtt^HlimttJi^fcy. TOE3S2 
fltttJfl 4^:11 SttH 9tO>W^ Rufti*t»« 

£*LfcgHBttKt>nJli stffl^U c<d*Ij£|z£ y % to 

m&mt. ^5-*o>m&m*m2i&&mtn&<> urea 

#»tt*B8li 15 Ru. Rh. I r. Cr. Re. 
[0 0 4 3] TOEKSi«14Bi 3£TOEB£«tt»2 o 

a>«rEK3»«ttfi 1 3izm-r^m2SBtttsi 4^0)^13 
iiTOES&2tttt»i 4 0>at<bM/\-f h^fRj m^yyj 
j£-r&3JicDfi£ttJiiiRKK Yigsftffli^^y. /\>r h 

SLfcttSlKT?#* *fcTOEB£«ttB2 0iTOE&& 



[0 0 4 4] fci3«5LHL TOE*2flttt»f1 4 0>M»tt 
10~70Af§g„ *I^b44ai IliH 9CDSiIl 
I*. 2 O A- 8 O Aflg-emj££*t£ 0 *fc#tttt*rB 
11 S(Dmmt3 A~1 O A§6t^*<x5o 

[0 0 4 5] *fcTOE»2«ttJ11 4 tllittH 9 

l^£ 0 TOEttft^— > > Mti&fflHHtM s xjgj? t -eK 
TOESS2fiBtttBi 4fc*iSttSi 9CDffim^ 
->>KSJl«:&'H:*ct-ea«»3WrE*2«ttBl 4 

[0046] TOEBsanattBi 9a>±icf*#att*f 

[ O O 4 7 ] *|cOTE*«tt*t»» 2 1 a>±KI*7 U - 

-aai4JS2 eitm&mozmm&xi&tfLZtiZo ^fcitr 

IE7'J-itti2 6fl)4*fl)IIIIt 20AJJi±t'20 

O A^TSSOK®-e^jSaF*t*zi:*<»* Lt^o 
[0 0 4 8] WE^'J— «tt»2 6a>±(ctt. IMBtttt 

mx*Mf$.£*it-&mm2 stfj&f&ztixi^&o buESII 

I4 % T a, H f , Nb, Z r, T i , Mo, W(D^V> 

2 5 Itfl Xl2 5 O A mTg^CDSJS^J^^^ *t*o 
[O O 4 9] B1 lC^-r«fc5!^s TifeSl 1 
2 5*r*CD^Mmi^it-<T. «ET»->-^KI1 O 

fiE**tTt^4o ■tLTmTE^»tt<0h7'y^tt^lSJ (H 
7FX;£ft) (Diit-i6«3 tia LfcltET»y- ^ KS 

EKM4 o<D±ffili. I5E7U— «ttll2 6<DT®* 
UTfll=»AdFti. BiIEtt*t»4 0±lc»***tfcCo 

P t C r 44ft «»***lfc/>- 7A< 

buE^ u — aattii 2 6 (D^fiyagsicas^Micggi^ ttfc 
e^ u— att«2 6CDMffltfffii^>ft < fct-w* ss^. 

W!c»«**iri^*Hi«fel^o fiiE/N— K/W7XI2 7 
W 7XMtfMS7 U -Ktt^ 2 6 ni=SKA 

•^^c^-eBtjE^ U— »ttJB2 6(Dffi^bi* -v^ffi^ 
[fij O^x^fp}) ^¥?Tft^fS]l^^ai2^b^*v4o TOE 

^y— itii2 6 0>Bibtttta. »EBSitti2 0(D 

[O O 5 O] BUE/N— K/W7X12 7<DJllC|^A I 2 
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0 3 *>S i 02&i:a)Keii*tft'e»fiR**tfcl6««2 8*< 
M*Jfltl>^o ZO&olzm&^—F'U 7X12 7 
a>±Tl£J&$tIl4 0. 2 8ICc):oTH*ttri>So 
[005 1] @i ic^-T^ 31^. mjIBfiSM2 5(D±I 

-^Kf2 9tfM*^tUSo BfiE±Sfv—;uKS2 

[0 0 5 2] Bi izifc-tmtmnvttL* WIETSPv— ;b 
Kg 1 0St;±tt->— ;u KB 2 9*<v— ;u K«te<D*fc 
e>-ra®^: LTtatLtl^f^, HuBTiftfll Ifr 

&«aji2 5iH*-(?a)Biwc^^^*G i 

cf •So 

too 5 3] mi lz^-rHJ6^»t?li. TifeSl ifrb 
ni2 5£Tr0)£Jf|g<D±Tl::Si£*fflLfc:>— A> 
KJIlO. 2 9*<M^*l. BUfB->— ;U KIl O. 29 

Ir)) (cSitttS C P P (currentperpendicular to the 
plane) Ittilot l*-S„ HiJlESSilli. iulB/\— K/W 
7Xl2 7(0±TA%gl4O > 2 8T?B£*tTl^.&C: 

tt:. C<D/n— K/W 7X12 7(z^SSt-r-i>Ct*<^ 
«l=*rlB£JiKrt*aE*U #£tii2i0>!n]±£gl&C,!:A< 

[0054] ca>ffim^ajm^-T*ii. /\— KT-rx^fc 

«>aWxflaE^A<Y^(pllc-^^P,ixS<!t. 7 'J— H1fJl 2 6 
<DJHbA<Ig;* X ^[Rj £ WttU-ftfa «b Y ^[Rl^lS] i+r ^ 

@$Itl2 0 0)l1l1i8l 9©gSK<b^[Sl<!: 

5). c<D«^fimfiia)^b^So*<«a^<bi^j:y. 

[ o o 5 5 ] mi ic^iafi&m*^ omi&tog&fl-Ko 
ivcfcTFiciBfis-rSo gn i-^-rnss^-ci*. h-tibie 

fctttWif 2 1 itt-T ««<DB£ttttff 2 0©«1«tt 

gi 9 A<»sic8SSft&£i~^-t£if 

ttttJil 9^KlT<D,»:-5tf«jtl~-ri>ci: 
T% S^lCfct-^Tig^Siri^lbg ( A R) RV&tKmt 
m (AR/R) ^f§-i>Ct)!><pI^Iz^i, 0 

[0056] mzmtm&mi s*mf$L?%>zmo>®.& 

&AM£ffl£;h5flA<i5l »14J11 9CD-gg£j£U «<b 
A<&-SA^-Cfc-5<, CCt* r/\— (Half-meta 



[O O 5 7] Sta^ba (A R) I*. [02/ (1 - 

ys2> ] ■ p F - t F Kit0iJ-f 3. cc-e/si*. Ittii 7 

<&*mi-<fcoT^b-r-i>fi6 (^fc)Si*-i <*:yt;*:£< 

Rtf*ta*fc* (AR) < T?#£>. BUlB^fflittfi 

tMJilttfcCoFe^N i F e -g&O^tliZ 

Z&ifZo tsfc*f£<J8-eii. o. 7JU-ta>0fiI (&*t 

fil) £*U 35SlMi$2tS»i$P (*&*Hi) * 

o. 5 &i±*rr r/\— 7>^;uwj 

[ 0 o 5 8 ] b51B £ fitCili. pi (5f^>xt'>©fef 
^icfcf-f StbSiafiS) = / (1—0) «E«H 

[0 0 5 9] S&oTBUlB^fflA<*:#<^-5(5<!:\ 
•5 A> e,^K1lJlM^I5IB'Sf ^ >X tf >OG#«^l*3it*t 

it< fesiM*^*? h70 K**trBuiB^^>xe>o 
*) . -75. T^^t°><De^m^i=«-rsibSffi(i 
><DG^m^i*3SitL-^-r < y BtitBT v tfxnmm 
tB7 ^ txDfifi^i ^t? >x e>©e^«^o) 

¥l9efi^S^A<^^</d:'5i:#^t>4x-5. c<D <fe r> U 
0. 7Jil±CD/3ffi (^®) ^*-r*3iffli1±E.o/\-7 

¥1^ S * frg^l* J: y o -t 5 ^ ^ < ^ -So 
[0 0 6 0] ^-LTSm^^ba (AR) JSLlt&tii&itm 
(AR/R) I*, 7 7 7"xe>M?')>Xf>ff)eS 

m^-a>#¥i^)gS^TgMlc^LriEW♦BH^*■rA^^>. 

y t,HtriB/s fit*^#Lv\— 7 > 41 ;uws^#^fi6 

(AR) &l/:«ta^<b* (AR/R) A<lt*L. 
RlB^SJtlblcS^r^jSf -5) - 1 A<oT«g35:fi8m^aim 

[006 1 ] r/\— $;U8«)J ^^ttM^ : &■rSA'>gA^ 

i*. ±iBLfcj3fisjaM-i3»<i*pa)^#^i~j:orfijSf 

fflliA<&y. »g^PA^#tN<t^fii (^ffl) A^^ 
< fc-5::i:A<:bA\oTl*-5 0 

[0 0 6 2] BtIIB»^Pfl)^#^l*«taS1ba (A 
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E»ta«<b4 ( A R) $*L£<Tr&z:ttfX'ZZ> 0 I51B 
««*PttP= (Nt-Nl) / (Nt+Nl) (fcf£ 

lpi*. -i^p^i-c&S) Nti*. ?x 

-e&y* nii*. ttiaizfci+&^ 

[0 0 6 3] ±IS8l«SI^^4xli. Nt^^<^U 

SSt^bS ( A R) So 
[0064] Nltf*£<l3i*>)N I tl^O 

xoe^s^co^^ e fift^^s < a o tc - <t ^mt* 

(D£$l? e SftgiA^ ? < ^ o t , fitSSMb 
a ( A R) a<*£<#£t<B£#;l£*t<5o 
[0 0 6 5] Sto-CB5IB»@¥PA^#t^« , &fiO/\ 

#*Lt\, ^i*Wl3[i15ffi»^P (SfefcHfi) l±o. 5 

[0 0 6 6] ^fcXfc°><l@tt<7)^^*l^ 

[0 0 6 7] £*:3£8£ttao/\— 
I*. Co F e^^iflCtb^TitffitfLfil (pf) 
1>(D^ BUlfim 1 ffittJl 1 9<DKA/ + 0>&ttJi1 7£& 

ffl(te-g_o/\-:7* 2;u£tifc^#lf £^&c<>:-t% gfii^ 

IbS (AR) Stfffifit^b^ (AR/R) £lR]-t£-fe!:£ 

c<t/)<-e#So ^rfc-ctrld rjtjstrifil (pf) J ^ 

'So 

[0 0 6 8] fjlBBSttMl 7 £ LT&fB^ft&ttlfte. 

C<h£. ^^Iz^zl U-;^g (Tc) A<2 0 0°Cia±T* 
fc&C<t#»3: Lt\> IBfMriU— SK (Tc) #20 

X<t Ltefflt^'SL^ *fcitgtrlPF(*^ 5 0//Q- 

^y^sji-Sia^bS (ar) &rs&tKmtm (a 

R/R) <D(p]±£S&C£tfT-££o *3£fET*li. lufB 



gta^b* (AR/R) 1*3 0%JU±-efc& 

Ll\ . , „ - 



[0 0 6 9] H5IB3£®f£-&0/\— 37^^;UW^^#^CO 
#ff<t LT*3£WT*l*\ZlT<D (1) - (3) 0)ttSJf 

if %>z.ttfv£&o 

(1) 3Sj£:£tfX 2 YZ (fctiLXl*, JlJSflSCD I I I 

|#M n/ Z A K Si, G a . G e . In. S n . 
TK Pb. S bCOa^^^S^^^fcl a*fcl*2a 

fejt±fl>7ci§) "egSft&fr'f X^-- "^- 

[0 0 7 0] CKD/WX^ — ^(D^S^itliX^^ 
JTCfc^o jy*Mfc#K£LTii. Co 2 MnZ (Z 
|£. A I. SK Ga. Ge. S n <D 5 blffi* tt 
fcl a*/cl*2S^±«>7C^) £gHf >5^^3b<-C^^ 0 



[007 1 ] i£/c7E^t Z 2 |M^iii._t'^"A//'£'h*^ X^ — 
<££t LTltmWfol^ Co 0 .5M^a25 (A I 100-aS 



[007 2] (2) 3SJ£5£*)<X YZ (fcfcLXl*, 
m<D I I I Aj£fr£ I I BjS^T*<D5*)^e>SS?*ttfc 
— 7tM. YliMn. Zl*. AK Si. Ga. Ge. I 
n. Sn. TK Pb, S b (0 5 *>fr ttfc 1 9 
^/c{i2|lia_hC0^) 1*8^*1^)^X7-^^ 

[0073] ca>7^-rx^— "&#(D^^«^li>(C 1 2 

«&-t:fc£o ^(*M^ttS^LTIi. N i MnSb/P 
tMnSb. PdMnSb. P t Mn S n If 

[0074] c^t,$rmom<*^<f»H*P(-^^rUi 

^■^i>o -hIBLfr TAndreev reflection:A new mean 
s to determine the spin polarization of ferr 
omagnetic mater ialsj (1999 American Institute o 
f Physics) (D^=yV 4 Izli. NiMnSb^glP 
#0. 5 ST'&ZZttfmTFZftT^&o 

[0 0 7 5] 'g.tc TNew Class of Materia I s:Half-M 
etallic FerromagnetsJ (1983 The American Phys 
ical Society) (D*1lCli. mmttW-lZ& U ##>t- N 

iMnSb. PtMnSb. PdMnSb, PtMnS 
n(DN ( E) t. N (E) A *<E«**LTiS y . 
filS^l>r»a¥P*tt^-r*^^ NiMnSbO»S 
¥Pli1. PtMnSb0»g$PliK PdMnSb 
<Dj*mmP\*0. 5 1 . RtfP t Mn S n(D#*l*PI£ 
-0. 3 3-efcSo fcfcP t Mn S nli^it^iSSf 
4^i:t^g¥P^ItO. 5 5il±lctr#^t<Di: 

[O0 7 6] (3) Lao.7Sro.3Mn03, C r 0 2 . 
fc3lMotF 3 04 

>^fc±lBLfc TAndreev reflect ion: A new means t 
o determine the spin polarization of ferromag 
netic materia I sj (1999 American Institute of P 
hysics)CD<7* : 7^4lCli. LaojS ro.3Mn0 3 (D»g 
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mP&O. 5 5. Cr02M@$P^O. 9Tfc&C 

[0 0 7 7] ±!BLfc/fWX7-^ fc£lM4La 
0. 7S r 0. 3M n O3. C r O2. Fe3C>4l4. l^H* ftt £ 

#0. 5J^±T^fiS1±So/\-^>^;uM^tta^^ 
L. c*ib^SO)Uf^t*ttttii 7?Mt5c 
fc-c. »ta3E<bS ( A r) fttfttttftlb* (AR/R) 

Rlilvr*l**i"J— Sff (Tc) 7b<2 0 0^ia±-Tr. 
SfcitStafi (pf) tSO^Q - cmJil±(t*$lV 

[00 7 8] XlcftTEttttfll 1 7 0)±T\ztetiL2tiXl* 

Z>m&mi 6£l 814. «t*fr&ffiffl**lTL^4«tt*t 

£L fttfcttlCliC o F e C o F e N i 

IM4N i Fe^i C o (7) L*r*tfr-eff2j££*t£ C t 

W£Ll\> 

[0 0 7 9] *r#Hitt»»Ji2 1 t«Lt»rt**l4 
BBttJl 18f, C o F e ftftttfOOBttWWCJBrt-r 4 

<Dffiffc££y®^lcKitT*£. 77^t°>06itf 

itm (AR) »tf«St*<b* (AR/R) <DR|±Sa« 

[0 0 8 0] «itf. HrlBKttBi 8*<. ±IBLfc 
(1) (2) <D*-fX^— ttV&ht* fjlB^-TX 

7-&flC^tl^Mn^ CuftWM**lfc*i 
tt^i2 1 fc««U tt«LfcMnli7y^tf>(D 

XflS* (AR) Jfctfttttfcfc* (AR/R) £<£T£# 

— 7>5i;u»^*i?»dt**tfcat14Bi 7*. bu1B# 

7i*iett8i2 1 £d>fH(ZC o Fe*4ftif"C»* 
Stt) ICRS ±-r&Zittftiimztj:& t^7Lh>*iZ> 0 ftfeltt 

ettttA 1 siicoFe £&-e»j*-r * - 1 y -tE 

Lfctt»*lfcJtT?£T»*Ll\> 
[o o 8 1 ] *irHi ic^-r^dl^. &m&&-?'\— 7 

»fiE**tfc3f»1**IHIIl1 5t(Dfi||:CoFe64<Pi: 
SSttlfl 4ta>ia-C*4*r*RKKYfiSfffflf=*«K 

[0 0 8 2] Hi l:^tiJffitt!2 0lt I2K14I 

1 4tnasn 9 ta>p B iirR uft2fa>#Btt4>mjR 



£}Tr£-tTa)i8 , ttJf 1 4. 16tCoFe444if© 
«tt#»r»J***C£tf»*L<* LfcA<ot*«ffl 
"CI4. BUlBmttMl 6?CoF e^**ifa)«tt*tsr 
»*t4^fct LfcOTC**. *fc1»B*teJBi 6 lie 

*Ll\> 

[o o 8 3] xicbi fc^-rsij6»®-ei*. 7»j-itt 

5*b«^<D*Bt£Ji2 214. ^BttJao/v-:7>*;i,» 
tt6*jre&y« -ta>±T(c»fifc**tfc»ttW2 3. 3 

OttCoFe^l CoFeNi^i CoOlvfJlfr 

[oo84] BMlB^'J-^ttHaet. @£&1£Ji20 

&a>V«SAfTSS^#< M e#. JSttSHb* (AR) 
KtfttttKlb* (AR/R) SGLtaF-frSCfctf-C** 

[0 0 8 5] *fcgMitt#»li2 1 fc«-Tft»BUl3 0 

Sc o f e fe*54f©itt*f«T?»*tS: it, me 

3 o 1 3f «tt*t»a 2 1 inra>tttk«aw=KJt 

<bS (AR) JttflEffiftlb* (AR/R) £*#<iT>5 

*y»«ii=±EO!)»«*i»ih-r set Affile 

[0 0 8 6] £fc3£fifc1±MO/V- 7/*;i/ftftft4J:U 

d£-e. |»E7'J- SM2 6<DESat#^*f*"*«a 
SlR}±*i±SCltA<t?#So «TE«11H 2 3 (4 N i Fe 

fctfcfc y »* LI*. 
[0087] «TE^ 'J — BttJS 2 6 14. rtSH8JW::» L 

T«*A<»<bSIEL«j:«t*tlift&«E^. 

±ELfc (1) - (3) (DtM'X^— $ft«(0ttiB 

3? > £ ;uM£fi*i4S»* h c i> t (D 

mfttfj|Zl4l OO e (=#17 9 0 (A/m) \>X 
JiT*fcSo *fc*«tt*t»«2 1 t8Lt»***iiI 
tt!3 O^C o F e^*-eJKfiE**i*«^lCl4. iuisc 
oFe^(Dfta*Hcttt8»*#L\ ffiot, WE 

3? u 2 6 a>^g^® niznir zmmz^z-ez 

1314. «»*H c(D/jN^l^ttg^milS^ , J~mttM2 
3rtlctt»n-r*zt3b<»*Ll*. ■t*tA<l3E«tt« 2 3 

T'fey. N i F e ^4t»«i?ilfellEittB 2 3 It, 
^m^.R^/\— -y* 9 J^(fitU^X>C o F e ftftttJf-C 
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luK?'J-ffittJS2 6lzft^*H c<D/h^l^14^2 3 

tgfts i^«*tfc»aeai*^-*ss-r 6 - t A< rJ 

[008 8] £ C^Trgll 7 I^SESttJf 2 O&tf 

^u-ai4^2 6$ffi^s±T(Dfi5ttsii. mzmw 
[oo8 9] t-^t>*»^J^i^stt-a^^--^^^^w 

ft££JlTH&J*S*lfc»tt»1 7. 2 2#IECDfita>£fiI 
£*LTl^£"f &14J11 6. 18. 3 0. 2 3 

aWBt^ (*#Ml::tto. 7&±) 

;uMft-&#Jilcl4. T^^XIfXDGSm^^Sfi 

t?>o>e»«*a>¥iS£a*Ta*H<-*"* «6«»ft* 

H^tf C o f e*#ft£a>*B»fttt»*«ffi"*"*** 

[0 0 9 0] m<7>0£^£3£«14mo/\-^ 

[009 1] wd-e. Co F e£*ft£T?»JSfc**LfcBt 
jil1 6, 1 8. 3 0. 2 3(Ct±lBLfcXt°>S@14 

14S17. 2 2^ ^CDM^-f ££fi§£*LTl^ 
t. iECDfilO^fil^^-r^KttMl 6. 18. 30. 2 

#-r. ( a r) iLXffflKmtm (ar/r) 

^5a^wic^^<-r^>^<b^r^<f < ft* 0 

[0092] ^fcPtMnSb(DJ:5l:, £ fit J?)^. # 

ftSfc* ( A R) *»*»l::;fc#<"r*-i:* t 'C**. 

«*tfCO)J:3«:5i«tt»»tLTI*. FeV (5 fill* 

&J-0. 11). NiCr (tfflli&J-O. 24 

0. 11). F e C r 0. O 9) tlZtffo 

[0 0 9 3] *<Dfctf>**8ITM** lSittB2 0»tf 
^'J-tatt®2 6^mjS-rS±-C<7)S£ttmi 6. 17. 

is. 30. 22. 23£. emtfmc&^&^&ft 



t©««<t*, jsst*<b* (ar) atfi8tt*<b 

* (AR/R) <DlRl±*a«JI-H*-i:A<Rltelctt4a) 

[oo 94] ftfc±iBLfc* ±rflo«tt«i=*5^Tiai: 

iz o t itm^Miz o l t m t "c * & « 
■ [009 5((^iCTS6Mi3fei+4K2S8Jfi»88a>aia 

We&&. tt£B2ttB0>K9)l*. iS«ttl2 0i: 

[0096] H2iz^-r@^»itS2oa>mi«ttSi 
9 1*2 attire c(D5*>»ttS-i*7-ii,-5a«fta 

r2n==3LX.«7Unft«M=&«4. ttttJil 614. Co 
F e C o F e N i N i F e C o (Dl* 

[0097] £fcS2iciF-rnjsff2ffiri*> Btrs^'J — 

SS14J12 3tfCo F e^&. CoF 
e N i NiFe^t ftftlMtC o^blKJft 

[0098] WEBatt-a - ^— ? y 9 JWteG&M 

«*4tfx 2 Yz (fcKLxi*, mmm<D\ I I A 

Mn. Z 14. A I . Si. Ga. Ge. In. Sn. T 

K Pb. s bO)5*>fr*M1R2titzi a*fcli2il^ 

Z (fcfcLXIi. I I I A** 6 I I Bl$kl£T* 

<D5*>fr&a&**tfc~5c** YliMn. ZI4. A I. 
Si. Ga. Ge. In. Sn. TU Pb. Sb<Do 

4*-fX7-' fc*lM*L a 0 .7S r 0 .3Mn O3. 
Cr0 2 . F 304ft if -e»*S*t*^fc*»*L^ 

[0099] tnen£tttt)i2oxt;7>j-BttJi2 6 

<T*#. «St*<b* (AR) atf*ta»b» (AR/ 
R) (DfSlJiSBISCt^pJfilfCftSo 
[0 10 0] ftfcBUffi§£5BttJi2 0itf7'J-Htl 
2 6(D*tttt»«B2 1 t»t4Btt»1 7, 2 2 £3$ 

Btta.o/\— ^;uWft^*SI^"f Z>£* m^^^M 

|:Mntf«*lTl^*4* »E* fflttttrfi® 2 1 £<D 
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( a r> atf«Bt*<b* (ar/r) aw/h*<fty*-r 

tf^'J — Ittl2 6?CoFe^l^N i Fe^41 
^^<7>ai±*t»CD^T?^fi£Ltcli^c>: y TOESfiUEfl:* 
( A R) atffflSMMt* (AR/R) $|RiJ:$l**ci: 

[oioi] &*>**w-ci*. B&E3»«lkBo/x— 

l\> 

[0102] ^tz±m<omnit. asitti2o$ift 
<. ^*«*icit. *rjii3«ia<t<a«itfi-3/\- , 7 

[0 10 3] B3(4*f6?Blw33«t*«3 j|Jfi»ffi(D»ft 

[0104] m3iz7jkTtnmw*mT*izm2tmm^ b 
s«nP2o^^j£-r^mifisi4Pi sW7u-iit 

atttei 8 at/atttB 3 o i4. sMrttao/x— 

ft&'frM'ditt < % C o F e CoFeNiS 

Ni Fegl Co5i:<Ditttf)Rt?«**lfcI 
"C&^o 8, 3 0f4. CoFe^tM 

ztizztit* swtt*t»i2 i nB-ca>tt«* «kya« 

[0 1 0 5] c<DB3lz^-rnS£J^ffiTrl4. iifE#&14 
ttBB2 ifr&BftfcttttBi 7&tfffittg2 2*<. % 

[0106] «Ba»ttfio/\-7 y « 

i4. *aj£5tA<x2Yz (fct£Lxr4. mmrno m i a 

I I Bffi^-eO^t^&SS^frtc-TnSt. YI4 
M n . Z 14. AL Si, Ga, Ge, In. Sn, T 
I. Pb. Sb<Dd**6»«Sftfc1«*fc«*2«IU 

z (fc/£LXI4. S^aa) I I I A&fr£> I I B&^T* 
<D-9^fr^giR£*lf::— Tcffi. Yl4Mn. ZI4. A I. 
Si. G a. G e. In. Sn. Tl. Pb. S b 0) 7 

&*>f 7.=? — fel)lMiLao.7Sro.3Mn03, 
[0 10 7] fjS@^«tt^2 0W7U- «t£Jf 2 6 



<^#. ittta^ft* (AR) XtfttSUMb* (AR/ 

[oi 0 8] B3ic*-r*ift»»t?i*. asatttS2o 

lT£te14Jii 7*<. 3Mtemo/x-7**^tttt**B 

-ej^j$**tri^o-e. Bi ojtJS^ffi^Jt^x. mi 

7(DMJ5^^<-r-5 (mi*»icl4l 0A1UT) 

[OI 0 9] g|4l4*^BJ|Zfcl+^m4||JS^Ba)«S 

[01 1 o] B4lc*-rHJ6»»-eii. MSI2 0 
<DM«*I4. 01 lc^-T@^S14^2 OCDBMH/fcfcHi: 

[0 111] B4-CI*. 7U-ittl2 6 4<»1«ttS 
3 1 i»2«ttB3 3IBICR u tt£ra>#tttt*IHJi3 2 

[0 1 1 2] B4lc^-Tcfc-5f3|yE7U— fflrt£Jl2 6$ 
fllfiE-T-SWi BtttB3 i l*3B*Jft-efcS« miE3Jia> 
7*,KA,*CD&13iJf 2 2 14. amttfio/x— 

[OI 1 3] |JE5i«ttao/x--7>*^»ftft*Ji 
14. ffl«atfX 2 YZ (fcf£LXl4. ^SflSCD I I I A 

Mub*& 1 1 BU6*T?a>5t»*^e>as?aF*ifc— 5£*. yi4 

Mn. ZI4. Al. Si. Ga. Ge. In. Sn. T 
I. Pb. SbO)5*^&a*?**tfcia*fctt2BBl 

Z (fcf£LXI4. J§»j*£> I I I A&fr& I I Bj££T* 
<Dv-tE>frk>MVi£tltz — Tuii. Y(4Mn. Z 14. A I. 
Si. Ga. Ge. In. Sn. Tl. Pb. S b <D 7 

^^blR^Wd a*fci4 2ai^±a>7c^) 

4*-fX5— fc&lM4L aojS ro.3Mn O3. 
C r 0 2 . F 3 0 4 3B:i:T?»riE**t4-t*<»*Lt^ 
[0 114] ffiTEtt1£Jl2 2©±TU:»JS**tfcttttJB 
2 3. 3 014. CoFe-&#. CoFeNi&l Ni 

^fc*«»*Li\, «rE*»tt*t»» 2 1 & 

3014. «remttttrM 2 1 fc<Dtt**B«i::i*it-r 

-<<. |»C0)Btt*f8fl)5 % C o F e tl« 
Z£j&<£y#*Ll\, 

[0 115] *fcfliTE»tt» 2 314. SiTS7U-atti 
HB2 3 14 N i F e^*^j£*3KSC£:&<»*Ll\> 
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fcl*ffitt^3 3 t*«tt*ra»3 2 ^OPpIIcI^ RKK 

2 6li. ^<7>S5{ffllC^**lfc/\-K/<-<TXM2 
atttJf 2 6 <D 3 jf(7>m 1 &<4if 3 1 X ^fRllCffi^b 

Zti&k, tffE*2«ttJP3 3<D»ftl*. WE»1G>« 

14® 3 1 tS2i1ti3 3f|-eS4tl)RKKYlBSft 

ffiic^^^^asi^izct or mjiBm i «H4H 3 1 omit* 

[0117] H4lc^-rHJSJ^aii?ii. i^Stti2 0 

Jf^*fc£pi4Ji1 7£*iU £^lz:?»J-8£1±ji2 6 

ttSEictt^r**^** fita^bM ( a r) aittsst 

&itm (AR/R) <D|fiJ±*H&wt4<Rlttfz/d:« 0 

[oi i s] msitmsmm^mom^mihm^oymm 
[oi i 9] H5i=^-mj6»ffi-ci*. s$aiti2o 

•T<fc5(cjiuiE@^ffifc14Jf 2 oii. «teB<B3lifllJS-(?aD 
;uto£££Br?&j££;KTi^o BuEfi814Jii 7<7)±T 

|C»J5fc*ftTl*4BtttBl 6* 181*. CoFe£l£. 
C o F e N i N i F e C o <D 1**4**1 fr<D{g 

[0 12 0] S^fiSttgl 3t, ?tKttSO/\-37^^ 

;uW3Et^Br*^**tfcattBi i toffilz, c o f 

zztiz&^Tmmfx.&m&mi 3tmtm&mi em 

2 o CDffilbCD t° >jt#> -5 - £ tfT? 

^^tcD^^i^^^^o ffimm&m i 6i*co f e -&^ 
am mz*z < -r & z. t a<-c# 

[0 12 1] *fcH5lzS-rillfi»S8-ei*7U— KttH 

2 6jb<&14ffl<D2Jiti£Tfcy. ltt|2 2lt &fflEt4 

io/\-7>$;^§fit^y, Ktt^2 3 

liC o F e C o F e N i N i F e C 

o <Dl*-ftlfr<»mi±ttmT*i&f8.£tlT C £ ***** L 

[0 12 2] fcfcf&E^U— «tt»2 6l*ffit4B<D2B 



CCoFe £#fc^ibfc&&teJi 3 0 ^^tt^tLfc 

[oi 23] gisic^-rnsg^-eii. @£«<4B2 0 

x exDfiit? t y o > x e xdc^s^ £ cd¥ j$ s 

&mi^£#:*Ktt^T:X£<T*£. fita^-fbi (A 
R) &tflSta*ft* (AR/R) OfS]±^Si>-i:A < Pr 

[0 12 4] 06f**5SKirfclt*S6 Hffi^SKDaEa 
[oi 2 5] g|6ic^-r^JS^ffi*e(i. g£K14B2 0 

I*, m 2^14^1 4£ffM «14Bl 9 tOm^RuiZi: 

tfrEmittttHi 91*^ 

[0 1 2 6] @6IZ^-T7«J— »ttg2 6 3£ffitt.& 
[0 12 7] B5Emi«14@1 '9WJ~aiti26 

[0128] *fc«rEMi«ttfio/\-7y*;u»tt^ft 

t MnSnttf) *«fflLfct#. CoFe^N i 

♦ttL*i*#ft*Mftl (AR) atttBRKIb* 

(AR/R) JfSCt^ff, 
14M1 4. mittttJll 9»tf7'J-ltti2 6*t'< 

[0129] H7ii**?Hi3fcit6*7Siiifi»ffia)«* 

[oi 30] mi izyjirmM^mxitm^m^m 20 
tou^mnmmm&xtbZo «tt«2 e 

[0131] «EB£«tti20WJ-Btti26 

[oi 32] me. nz^&oiz^ m&m&m2o j t> 
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*£<T?£. ttftglt* ( A R) &l/«ta^b¥ ( A R 

/r) a>ft±£06c<t#^ic#£ o 

[0 13 3]J^±(D<t:7l:*», Bl fcl*LB7l:i 

^-r a k c p p m<om^mihm^\z m *> & ox & & 

Wftp^i?. C I P (current in the plane) 
I*. tt&KJbfi (AR) itf«R*<b* (AR/R) CO 

14. 

$uuKjfc^&BI4. c P pffi<Dtt««tti**i::ttffl£*i 

cfcy^swicam^bs car) Rinmtitm 

(AR/R) 0)iB*SBftCt3b<T?#*o 

[0135] bi #i*Lm7iz7jk-?m£L&thm i F 

xit. BS«i4»2oatf-7«j— attts 2 6 <D^IC. 

[oi 3 6] &tzm i >si^Lgj7 iz^-rms^®-eii. 

co«ttJia)£g«jti4. «*"C3«ltjS («*tfBi a> 

1 1 Itt1 1 9 « 7 U -IttI 2 6 J #10 ^ ^ ) T'fc 

[o i 3 7] jfeHi ftt^LB7rc*-rsiSII»»lzii. 

7U-lttl2 6f»8i7i'JiSt\ i^fitt!2 

**iM4£JI«jftT?*&»tti4fti**<. S«Sl3za><fc5 

[0 13 8] *fcB4lCS-rBffi»tt«2 0*>7"J— » 

tt«2 6ft<»B7i'j«jfi-eib*»^ I2ittii 

4. 33lt, Ilttttil 9, 3 1 CD ^^iZ&m&K 
[0 1 3 9] £ t>IZ01 fcl^L0 7 |Cl4B***lTt^ft 

i^mmm&m2 oommm&t?*)— m&mz e<omm 
mmnDm-stt. «i^tfiii:^t@SBtti2O0S 

Jl*i£ t B 2 |z«-T 7 U — fltttll 2 6 <D«Jf *ftig £ *<» 
^■^^ * tltzmftLtiUhm+V & o X * £ l> C 1 14 m 5 £ 

[oi 40] *tcBi tzi*LmiiZ7Fi'fm%mihm^-v 

14. ±X. TA^&SaittttHl 3. B5ES14H2 0. If 



#812 1, B3£5814Jt2 0&tfJ53£ffitteJf 1 3<DISIC 

[014 1] £ &icbi tei^LmiizTr^m^&ftm'f- 

14. B««ttHfc7'J-»tt«fc^i B-3oSlt&ttfc 

A<. *#WI4* T**&&3MM4»* Bffi«ttflK *«tt 
7'J-BttI, B£8&ttB. BL 

[oi 42] 3S:j3*a6BBrzfcit*««ttm*?-tt. /\- 

[O 1 4 3] 

[0 14 4] &3fc. ttttBI=ttffl£*LTl*feC o F 

tt3fe*y *tttt*<t*AR**#<-rftc:fctf-c 
jSftKlb* (AR/R) <Dfo±$mmizmz>^kW 

[0 1 4 5] BSE&«ttJLo/\— */utt#6*S 

14. m^nmf&^x 2 yz (fc*£Lxi4> mmm<o\ 

fR % Y I4M n, Zli, Ak Si, Ga, Ge, In. 
Sn. TK Pb, S b(7)a*>^^>S^*ttfc1 a^fc 

i*2ajsi-ta>5u*) t**ft4*-f^7- 

[0 1 4 6] Sfc**BB-Ctt. l$Btt»atf7'J-B 

^as^iiiE^b-r^zt-e. cfcy^swi^tsia^bSA 
Rf^<nct^^ tetamtm car/r) <o 

[@S(D^*ftift^] 

[Si] **Wfz33Ct-5»1 ©HJfi^lKDaattUSIRT- 

[0 2] **wufcits«2a>jis£»»a)»attffi* : f- 

*E»ai*fca)»iRiB«*&Hfc»#BrBB. 
[B3] ^^(cfiltiSacDltlEJBaKDaaftUJ*^ 

[S4] *s^ic^it^m4<7)iiJSf^sa>^m€ia5^T 
[0 6] ^fgwizteitsaecDjijfij&fficDaafiiai*^ 



(13) 



*#ga 2003-21 8428 



[@8] a*ic*5it*«»ttta***Ei»fii*fca)itiRi 

1 o TSfv— ^ KB 

1 1 T&m 

1 2 KU-f-V 
1 3 jK&ttttS 

[01 ] 



HI 




14,33 95 2tt1£JI 

1 5. 3 2 #tttt*Mff 

16. 17. 18. 22. 23. 30 ttttJi 

1 9. 3 1 1 1»ttl* 

2 O B£ttttJ| 

2 1 tm&tmm 
2 5 issn 

2 6 -? U —UttJl 
2 9 ±^v-;b KI 
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